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The objective of this study was to evaluate the effects of piglet weight and variation in
weight at cross-fostering on piglet and sow performance. Primiparous sows were allocated
in three groups: group A (n¼31)—litters with 14 Light piglets (1.0–1.2 kg); group B
(n¼32)—litters with seven Light piglets and seven Intermediate piglets (1.4–1.6 kg), and
group C (n¼31)—litters with 14 Intermediate piglets. Sows were weighed within 24 h
after farrowing and on days 7, 15 and 19 of lactation. Feed intake was measured daily
during lactation. Subsequent weaning-to-oestrus interval (WOI), farrowing rate and litter
size were evaluated. Piglets were weighed at cross-fostering and on days 7, 15 and 19 of
lactation. Average daily feed intake, body reserves at farrowing and weaning, and body
reserve losses of sows during lactation were similar among groups (P40.10). Litter weight
differed among groups, at all moments of evaluation, with the higher weight being
observed in C group (Po0.05). Daily gain of litter was similar among groups (P40.10).
Survival rates up to 7 and 19 days were similar among groups (P40.10). The percentage
of sows showing oestrus until Day 7 after weaning was lower (P¼0.03) andWOI tended to
be higher (P¼0.08) in group C compared to group A. Farrowing rate and second litter size
were similar among groups (P40.10). Sows with WOI47 days had similar number of
weaned piglets, feed intake and body reserve losses (P40.10) to those with WOIr7 days.
However, long WOI sows had heavier litters at weaning and higher lactation efﬁciency
than short WOI sows (Po0.05). In conclusion, WOI can be compromised in sows suckling
litters composed entirely of Intermediate piglets compared to litters composed of Light
piglets. This effect seems to be mediated by a greater intensity of sucking by heavier
piglets rather than by greater body reserves mobilisation.
& 2012 Elsevier B.V. Open access under the Elsevier OA license.1. Introduction
Increased litter sizes may be a challenge for subse-
quent post-lactational performance, since the increased
intensity of suckling stimuli from the piglets during).
lsevier OA license.lactation inhibits the activity of the HPO axis (Cox and
Britt, 1982). Earlier resumption of follicular development
and return to oestrus can be obtained by diminishing
the suckling stimulus through intermittent suckling, split
weaning or reducing the number of piglets (Quesnel et al.,
2007; Gerritsen et al., 2008; Zak et al., 2008; Gerritsen
et al., 2009). These strategies could be used to shorten the
interval to oestrus after weaning, especially in primiparous
sows which represent a substantial proportion of females
in commercial pig herds (Straw, 1984). Primiparous sows
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1998), which implies in a likely impairment of their
subsequent reproductive performance (Vesseur et al.,
1994; Schenkel et al., 2010). Nevertheless, the higher
demand for teats as a consequence of a higher number of
piglets born from hyperproliﬁc sows has resulted in
attempts to maximise the number of suckling piglets even
in primiparous sows.
A greater stimulus to the mammary complex and a higher
milk production can be induced by increasing the number of
piglets (Fraser et al., 1992; Smith et al., 1992; Auldist et al.,
1998; Nielsen et al., 2002) or using piglets with a higher body
weight (Fraser, 1984; King et al., 1997). Cross-fostering is
used to obtain litters with a similar number of piglets or with
homogeneous weight, which increases the survival and
weight gain of piglets until weaning (Robert and Martineau,
2001). In pluriparous sows, the survival rate of low-birth
weight piglets can be reduced when cross-fostered with
heavier littermates (Milligan et al., 2001; Deen and Bilkei,
2004) but there is a lack of information regarding the viability
and performance of litters composed of piglets with different
weight, in primiparous sows.
Our hypothesis for the study was that heavier litters at
cross-fostering could result in a high body reserve mobili-
sation which in turn could affect the litter performance
and/or the reproductive performance of modern genotype
primiparous sows. The inhibitory effects on the HPO axis
activity due to the lactational catabolism cannot be sepa-
rated from those due to the suckling per se because
metabolic needs for milk production as well as stimuli
originating from the piglets may affect LH secretion, follicle
development, and oestrus manifestation after weaning
(Quesnel and Prunier, 1995). It is relevant to study the
effect of suckling-induced neuroendocrine reﬂexes when
udder is stimulated by large litters composed of different
birth weight piglets in addition to the effect of a negative
energy balance so that the size of piglets to obtain better
performance of both mother and litter can be determined
for primiparous sows.
The objective of this study was to evaluate the effect of
cross-fostering piglets with different birth weights on
feed intake, body reserve losses and reproductive perfor-
mance of primiparous sows and on the performance of
adopted litters until weaning.2. Materials and methods
2.1. Animals, facilities and general management practices
The study was performed with primiparous sows (DB—
DanBreds line—Landrace Large White) in a farm with
5000 females in the South Region of Brazil (parallel 271), from
January to April 2010, during the hot season of this sub-
tropical region. Rainfall ranged from 136 to 170mm/month.
Average daily temperature ranged from 18.8 to 21.4 1C
whereas average minimum and maximum temperatures
were 19.5 1C (range from 13.0 to 24.5 1C) and 30.3 1C (range
from 22.0 to 37.5 1C), respectively. Air humidity averaged
76.2% (range from 31 to 99%), with 80% of the days reaching a
value of Z70%.During pregnancy, gilts were automatically fed twice a
day with a corn soybean diet (3000 kcal ME/kg, 16.2% CP
and 0.84% lysine). Between 0 and 5 days of gestation (day
0¼day of ﬁrst AI) females received 1.8 kg of feed per day.
From 6 to 85 days of gestation, 1.8, 2.0 or 2.2 kg of feed
per day was provided according to the body condition
score of the sows (Young et al., 2004). After this, they
were fed 3.3 kg with a gradual reduction in the quantity
provided, from 3.3 kg (5 days before the expected farrow-
ing) to 1 kg (1 day before the expected farrowing). After
farrowing, sows were fed a corn soybean lactation diet
(3330 kcal ME/kg, 20.1% CP and 1.1% lysine). Water was
provided ad libitum to females throughout the study.
The farrowing house had a full plastic slatted ﬂoor and
consisted of 16 rooms with 64 farrowing crates in each.
Crates were equipped with water nipples placed above
the trough with an average ﬂow rate of 2–2.5 l/min and
with automatic feeders allowing sows to have free access
to feed during all the time (ad libitum). Automatic feeders
had a reservoir above the trough and feed fell through a
pipe in the trough. In the inferior end of the pipe there
was a ball which when rolled by the sow allowed that
feed fell in the trough. It was possible to place approxi-
mately 8 kg of feed (reservoirþpipe). The automatic
feeders were checked twice a day and when necessary
more feed was weighed and placed in the reservoir.
Refusal was daily collected (at 2:00 PM) and weighed.
Feed refusals were usually wet and a sample of 80 g was
dried for approximately 6 h at 105 1C. Based on the feed
amount in the dried sample, the amount of feed refusal
was calculated and discounted from the offered amount
to obtain the actual average daily feed intake (ADFI).
Creep feed was not available for piglets.
Farrowing induction was performed 114 days after ﬁrst
insemination using 0.06 mg PGF2-alfa analogue injec-
tion (Dinoprost Tromethamine, Lutalyses; Pharmacia &
Upjohn, Me´xico O.F., Mexico) by vulvar submucosal route.
Farrowings were concentrated in no more than two rooms
and were supervised 24 h a day by 3 people per farrowing
room during the day and 2 people during the night.
After weaning, females were housed in individual crates
in the gestation building, which had a casting concrete ﬂoor.
Oestrus detection was performed daily by back pressure test
in the presence of mature boars (older than 12 months). The
sows were inseminated with pooled semen doses contain-
ing 3 billion sperm cells diluted in BTS extender (Beltsville
Thawing Solution—MINITUBs, Tiefenbach, Germany). The
semen doses were stored at 15–18 1C and were used for AI
within a maximum of 72 h. The ﬁrst AI was performed
around 6 h after the onset of oestrus and then every 24 h
until sows were no longer in standing oestrus.
2.2. Study design
Females with return to oestrus or abortion after AI
when gitls, and those with locomotor disorders, abscesses
or with less than 14 functional teats were not included
in the study. Three groups of primiparous sows were
formed: group A—litters with 14 Light (1.0–1.2 kg) pig-
lets; group B—litters with seven Light piglets and seven
of Intermediate (1.4–1.6 kg) piglets, and group C—litters
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tion of sows in the groups was performed according to
farrowing date, number of total born piglets and body
weight at farrowing. All litters were composed of 14
adopted female pigs which were cross-fostered between
8 and 24 h after birth.
2.3. Data collection
Body weight (BW) and backfat thickness (BT) were
measured at a maximum of 24 h after farrowing and again
at day 19 of lactation. Body weight of sows was also
measured on days 7 and 15 of lactation. Measurements
of BT were taken at P2 point on the last rib, 6.5 cm away
from the midline of the vertebral column with A-mode
ultrasonography (Renco Lean Meters-Renco Corporation,
Minneapolis, MN) within a range of 1 mm. Percentages of
body fat and body protein were estimated according to the
equations of Whittemore and Yang (1989). The loss of BW,
protein mass and fat mass, between parturition and wean-
ing, were expressed in kilograms and also as percentages in
relation to BW, body protein mass and fat mass at parturi-
tion. Data regarding the weaning-to-oestrus interval (WOI),
farrowing rate, number of piglets born and culling of sows
were captured from the available production records. Data
concerning farrowing rate and subsequent litter size are
from the ﬁrst insemination after weaning.
Piglets were identiﬁed with both ear tag and tattoo
and were individually weighed with a digital balance (5 g
of precision) at cross-fostering and at 7, 15 and 19 days of
lactation. The mortality of piglets was daily recorded.
Lactation efﬁciency was calculated according to the
following equation: lactation efﬁciency (%)¼energy out-
put100/energy input. Daily energy input and output
(MJ ME/d) were calculated using the equations described
by Bergsma et al. (2009) except for the weight of sows at
parturition and the weight of dead piglets, which were
not estimated but recorded during the study.
2.4. Statistical analyses
All statistical analyses were performed with Statistical
Analysis System software, version 9.1.3 (SAS, 2005) using
sows or litters as experimental units. Differences were
considered as signiﬁcant at Po0.05 and the level between
0.05 and 0.10 was considered as a tendency.
The following variables were analysed with the GLM
procedure of SAS and comparisons among groups were
performed with the Tukey–Kramer test: litter weight at
cross-fostering, body reserves (BW, BT) of sows, body
reserve losses (loss of BW, BT, body fat mass and body
protein mass) of sows, WOI, total number of piglets born,
and number of piglets born alive in the subsequent
farrowing. The variables ADFI, daily loss of BW in sows,
weight and daily weight gain of litter until 19 days were
analysed taking into account three periods of lactation:
1–7 days; 8–15 days, and 16–19 days. These variables
were analysed as repeated measures using the MIXED
procedure including ﬁxed effects of group, period and
interaction between group and period. The number of
suckled piglets at each lactation period was maintained inthe model used to analyse the weight and daily weight
gain of the litter. The survival rate of piglets showed a
non-normal distribution, thus being analysed with the
NPAR1WAY procedure and compared by the Kruskal–
Wallis test. Percentages of females with WOIr7 days
and farrowing rate were analysed with the Chi-square
test.
Sows with short and long WOI (r7 days vs. 47 days)
were compared in terms of feed intake, number of
weaned piglets, body reserve losses and lactation efﬁ-
ciency using the GLM procedure. Based on the results
previously reported (Clowes et al., 2003; Schenkel et al.,
2010), classes of body reserve losses were created (body
weight loss r8% and 48%; protein mass loss r9% and
49% and fat mass loss r20% and 420%) to make
comparisons between sows of these two WOI categories.
Percentages of short and long WOI sows belonging to two
classes of lactation efﬁciency were also compared. Lacta-
tion efﬁciency classes were created based on the median
observed for this variable (o74% and Z74%), so that
approximately 50% of sows were present in each class.
3. Results
From 105 selected females, 11 were excluded from the
analysis (5 dead, 2 with locomotor disorders and 4 due to a
feed intake lower than 0.5 kg/d during the ﬁrst week of
lactation) 31, 32 and 31 sows remaining, for groups A, B and
C, respectively. From these 94 females, three were removed
at weaning due to locomotor disorders, remaining 31, 31 and
29 to be inseminated, after the ﬁrst weaning, in groups A, B
and C, respectively.
In the ﬁrst farrowing a total of 14.272.1 piglets were
born. After farrowing, sows weighed 189.1712.6 kg
and had 15.672.2 mm BT. Sows weaned on average
13.370.1 piglets. None of these variables were different
among groups (P40.10).
Overall piglet mortality was 5.39% due to the following
reasons: starvation (2.96%), crushing (1.75%), diarrhoea
(0.53%) and meningitis (0.15%). Deaths up to 7 days after
birth accounted for 55% of the total of dead piglets.
Survival rates up to 7 and 19 days were similar among
groups (P40.10; Table 1).
There was no effect of the interaction (P40.10) among
group and lactation period on weight gain of litters, BW loss
and ADFI of sows, when analysed as repeated measures in
three different periods of lactation. Litter weight differed
among groups, with the higher weight being observed in
group C (Table 2). Daily weight gain of litter was similar
for all the groups (P40.10). Overall, ADFI of sows was
4.570.9 kg, which was similar among groups (P40.10),
but a gradual increase in ADFI was observed with the
progression of lactation (Table 2). Daily BW loss was higher
at 8–15 days than at 1–7 days of lactation (Po0.05; Table 2).
There were no differences (P40.10) among groups in
body reserves at farrowing and weaning, and in losses
(BW, BT, body fat and body protein mass) during 19 days
of lactation (Table 3). Overall, sows lost on average
14.3 kg BW, 2.2 kg protein mass and 6.6 kg fat mass which
corresponded to 7.6%, 7.3% and 15.4% of their BW, protein
mass and fat mass at farrowing, respectively. Lactation
Table 1
Survival of piglets nursed by primiparous sows according to their weight at cross-fostering.
Variables Group A (n¼31) Group B (n¼32) Group C (n¼31)
Number of piglets at cross-fostering 434 448 434
Number of piglets at weaning 409 423 413
Survival rate up to 7 daysh (%) 85.7;98.6;100 92.9;98.7;100 85.7;97.9;100
Survival rate up to 19 daysh (%) 71.4;94.2;100 85.7;94.4;92.9 78.6;95.2;100
Group A: 14 piglets weighing between 1.0 and 1.2 kg.
Group B: 7 piglets weighing between 1.0 and 1.2 kg and 7 between 1.4 and 1.6 kg.
Group C: 14 piglets weighing between 1.4 and 1.6 kg.
h Values are presented as minimum, mean and median. Maximum values are not presented because they
corresponded to 100% for all the groups. There were no differences among groups (P40.10).
Table 2
Weight and daily weight gain of litter, daily feed intake (ADFI) and daily body weight loss (DBWL) of primiparous sows
according to the weight of piglets at cross-fostering (LSmeans7SEM).
Variables Group A (n¼31) Group B (n¼32) Group C (n¼31) Mean
Litter weight at cross-fostering (kg)
15.670.06a 18.470.06b 20.970.06c 18.370.02
Litter weight (kg)
Day 7 30.970.79 34.670.78 37.770.78 34.470.46a
Day 15 53.470.78 58.070.77 61.070.78 57.570.45b
Day 19 64.670.78 69.370.77 72.270.78 68.770.45c
Mean 49.670.45a 54.070.44b 57.070.45c
Daily weight gain of litters (kg)
Days 1–7 2.3070.089 2.4370.088 2.4770.089 2.4070.052a
Days 8–15 2.6270.088 2.7570.087 2.7770.089 2.7170.051b
Days 16–19 2.7570.089 2.7670.087 2.8170.089 2.7870.051b
Mean 2.5570.051 2.6570.050 2.6870.051
ADFI of sows (kg)
Days 1–7 3.770.2 3.670.2 4.070.2 3.770.1a
Days 8–15 4.870.2 4.770.2 4.770.2 4.870.1b
Days 16–19 5.670.2 5.370.2 5.470.2 5.470.1c
Mean 4.770.11 4.570.11 4.770.11
DBWL of sows (kg)
Days 1–7 0.4170.2 0.5570.2 0.6170.2 0.5270.1a
Days 8–15 0.8570.2 0.9270.1 1.0970.2 0.9570.1b
Days 16–19 0.7870.2 0.5970.2 0.9470.2 0.7770.1ab
Mean 0.6870.11 0.6970.11 0.8870.11
Group A: 14 piglets weighing between 1.0 and 1.2 kg.
Group B: 7 piglets weighing between 1.0 and 1.2 kg and 7 between 1.4 and 1.6 kg.
Group C: 14 piglets weighing between 1.4 and 1.6 kg.
a, b, c in the same row or column indicate differences among groups or among periods of lactation (Po0.05).
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sows (Table 3).
Results concerning the subsequent reproductive per-
formance are shown in Table 4. Overall, sows showed
oestrus within 25 days after weaning with an average
of 7.570.56 days (Fig. 1). Percentage of sows showing
oestrus until day 7 after weaning was lower (P¼0.03) and
WOI tended to be higher (P¼0.08) in group C compared to
group A. Overall, sows that showed oestrus after 7 days
had a lower number of piglets born in the second
farrowing (12.5 vs. 14.1; P¼0.05) although differences
in the second litter size among groups were not observed
(P40.10). Farrowing rates were similar among groups
(P40.10).
Sows with WOI47 days had similar number of weaned
piglets, feed intake and body reserve losses (P40.10) to
those with WOIr7 days (Table 5). No differences (P40.10)were observed between long and short WOI sows in
percentages of sows losing more than 8% BW, 9% protein
mass or 20% fat mass. However, long WOI sows had heavier
litters at weaning and higher lactation efﬁciency than short
WOI sows (Po0.05). More sows with long WOI were
observed in the High lactation efﬁciency class (Po0.05).
4. Discussion
In primiparous sows, the mammary gland size (tissue
and DNA) is lower than in multiparous sows (Nielsen et al.,
2001), resulting in a reduction of up to 21% in milk
production compared to parity-four females (Beyer et al.,
2007). Thus, sow parity in which the piglet will remain
during lactation affects its performance and may restrict its
genetic potential for weight gain. Bierhals et al. (2011)
showed that piglets with a similar weight at cross-fostering
Table 3
Lactation efﬁciency, body reserves at farrowing and weaning and losses until day 19 of lactation in primiparous sows
according to the weight of piglets at cross-fostering (LSmeans7SEM).
Variables Group A (n¼31) Group B (n¼32) Group C (n¼31)
Lactation efﬁciency (%) 70.871.77b 77.271.75a 74.771.77ab
Body weight at farrowing (kg) 188.572.29 189.472.25 189.272.29
Body weight at weaning (kg) 175.672.97 175.972.92 172.672.97
Body weight loss (kg) 12.871.84 13.571.81 16.671.84
Body weight loss (%) 6.870.98 7.270.97 8.870.98
Back fat loss (mm) 2.470.4 2.570.3 2.370.3
Body fat at farrowing (kg) 42.970.72 42.970.71 42.170.72
Body fat at weaning (kg) 36.670.86 36.470.84 35.170.86
Body fat loss, kg 6.370.67 6.670.66 7.070.67
Body fat loss (%) 14.471.60 15.371.58 16.671.60
Body protein at farrowing (kg) 30.070.45 30.270.45 30.3 70.45
Body protein at weaning (kg) 28.170.56 28.270.55 27.770.56
Body protein loss (kg) 1.970.34 2.070.34 2.670.34
Body protein loss (%) 6.471.14 6.871.13 8.771.14
Group A: 14 piglets weighing between 1.0 and 1.2 kg.
Group B: 7 piglets weighing between 1.0 and 1.2 kg and 7 between 1.4 and 1.6 kg.
Group C: 14 piglets weighing between 1.4 and 1.6 kg.
a, b in the same row indicate differences among groups (Po0.05).
Table 4
Subsequent reproductive performance of primiparous sows according to the weight of piglets at cross-fostering
(LSmeans7SEM).
Variables Group A Group B Group C
Weaning-to-oestrus interval r7 d (%) 83.9a (26/31) 77.4ab (24/31) 58.6b (17/29)
Weaning-to-oestrus interval (d) 6.470.96d 7.470.96cd 8.870.99c
Performance in the second farrowing
Farrowing rate (%) 80.6 (25/31) 87.1 (27/31) 79.3 (23/29)
Total born piglets 14.170.63 13.670.61 13.670.66
Piglets born alive 13.670.61 13.170.58 13.270.63
Group A: 14 piglets weighing between 1.0 and 1.2 kg.
Group B: 7 piglets weighing between 1.0 and 1.2 kg and 7 between 1.4 and 1.6 kg.
Group C: 14 piglets weighing between 1.4 and 1.6 kg.
a, b in the same row indicate statistical differences (Po0.05).
c, d in the same row indicate a tendency to be statistically different (Pr0.08).
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Fig. 1. Cumulative percentage of primiparous sows showing oestrus after weaning. Group A: sows suckling 14 piglets weighing between 1.0 and 1.2 kg. Group
B: sows suckling 7 piglets weighing between 1.0 and 1.2 kg and 7 between 1.4 and 1.6 kg. Group C: sows suckling 14 piglets weighing between 1.4 and 1.6 kg.
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Table 5
Characteristics of sows with short (r7 days) or long (47 days) weaning-to-oestrus (WOI) interval (LSmeans7SEM or percentages).
Variables WOIr7 d WOI47 d P value
Daily feed intake (kg) 4.270.09 4.070.15 0.2312
Body weight loss (%) 7.070.67 8.771.11 0.2004
Protein mass loss (%) 6.670.77 8.771.29 0.1727
Fat mass loss (%) 15.071.10 16.271.84 0.5839
Body weight loss 48%, n/n (%) 30/67 (44.8) 11/24 (45.8) 0.9288
Protein mass loss49%, n/n (%) 26/67 (38.8) 10/24 (41.7) 0.8057
Fat mass loss420%, n/n (%) 18/67 (26.9) 9/24 (37.5) 0.3278
Piglets weaned 13.270.11 13.370.19 0.6752
Weight gain of litter (kg) 48.770.79 52.271.34 0.0255
Litter weight (kg) 66.770.87 71.371.46 0.0076
Lactation efﬁciency (%) 72.471.19 78.271.98 0.0145
Lactation efﬁciency Z74%, n/n (%) 29/67 (43.3) 16/24 (66.7) 0.0493
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250 g) when nursed by primiparous compared to parity-
ﬁve sows. In our study, it would be expected that heavier
piglets, which have larger appetite, stimulate more
vigorously the teats, and induce a greater milk produc-
tion (Hartman et al., 1962; Algers and Jensen, 1991), and
would have a higher weight gain than the lighter piglets.
Furthermore, a high birth weight has been associated
with an increased daily weight gain during suckling and
postweaning periods (Quiniou et al., 2002; Gondret et al.,
2005). However, in our study, daily gain of litters was
similar among the groups and differences in weaning
weight were mainly due to the initial difference in litter
weight between the groups. These results suggest that
milk yield in our primiparous sows was insufﬁcient for
an adequate growth of group C piglets which were
heavier at cross-fostering.
Litter size and weight of piglets can inﬂuence milk
production (Fraser, 1984; Smith et al., 1992; Quesnel et al.,
2007), thus increasing energy demand for milk production,
which is a factor that affects the ADFI (Dourmad, 1991).
However, voluntary feed intake may not increase when
more than seven (Quesnel et al., 2007) or eleven (Koketsu
et al., 1996) piglets are being nursed, which probably
explains the similar feed intake observed in the present
study where the litter size was standardized in 14 piglets
at cross-fostering.
Sow feed intake soon after farrowing is generally low
and increases throughout lactation, with 80% of the peaks
of intake being observed between 7 and 19 days of
lactation (Koketsu et al., 1996). This increase in feed
intake observed as the lactation progressed supports the
comments of Noblet et al. (1998) that the increase is
gradual and a plateau is reached after the third week of
lactation. In spite of the increase in feed intake, body
reserves were mobilized throughout lactation in all
groups, showing that requirements for maintenance and
milk production of primiparous sows are often not ful-
ﬁlled by nutrients supplied by the feed (Quesnel et al.,
2007). According to the equations suggested by Close and
Cole (2001) and considering primiparous sows with a
body weight and litter average daily gain similar to those
of this study, the energy requirement for maintenance
and milk production would be 101.2 MJ ME/d. Thus,
the amount of feed consumed by sows in this study(4.570.9 kg) is below the estimated 7.3 kg of feed/day
that they should have consumed to maintain body weight.
High body reserve losses may be related to an insufﬁ-
cient feed intake. It is worth remembering that the
lactation period occurred during the hot season, which
can be associated with a reduction in voluntary feed
intake and a higher weight loss during lactation (Prunier
et al., 1997). Furthermore, contemporary sows produce
more milk than older genotypes (Whittemore, 1996)
and the mobilisation of body reserves can be greater
in situations of limited nutrient intake as an effort to
maximise milk output (Jones and Stahly, 1999; Vinsky
et al., 2006). Body reserve losses may also be explained by
the great number of nursed piglets because in sows with a
similar feed intake, higher losses are observed when
larger litters are nursed (Quesnel et al., 2007).
Although protein mobilisation higher than 9–12% of
the parturition protein mass can compromise follicular
development (Clowes et al., 2003), females with WOI47
days were not those with higher body reserve losses, in
our study. Despite having similar feed intake and number
of weaned piglets, females with WOI47 days showed a
higher lactation efﬁciency and suckled heavier piglets
than those showing a shorter WOI. Bergsma et al. (2009)
also observed that the more efﬁcient sows were those
with higher piglet growth rate.
Stimuli associated with suckling, which are responsible
for the induction of lactogenesis and metabolic adaptations
that favour preferential drive of nutrients toward mammary
glands (Quesnel and Prunier, 1995), may negatively affect
the manifestation of oestrus after weaning because suckling
stimulus is known to block GnRH secretion (Britt et al.,
1985; Armstrong et al., 1988) and follicular development
during lactation. Endogen opioid peptides are released
during nursing episodes and can reduce the LH secretion
through the inhibition of excitatory stimulus of noradrena-
line on GnRH neurons (Chang et al., 1993). Conversely,
reducing the time of suckling such as in intermittent
suckling system has resulted in LH increase, follicle devel-
opment and oestrus manifestation (Gerritsen et al., 2008,
2009). The increased nutritional deﬁciency together with
udder stimulation could amplify the inhibition of GnRH and
LH secretion in late lactation (Quesnel and Prunier, 1995).
Heavier piglets may exhibit a greater sucking or massaging
activity (Fraser, 1984; King et al., 1997) leading to a more
T. Bierhals et al. / Livestock Science 146 (2012) 115–122 121effective suppression of LH release, thus explaining the
delay of oestrus manifestation in sows nursing heavier
piglets. This possibility is reinforced by the fact that piglets’
weight at weaning is negatively associated with follicle size
(van Leeuwen et al., 2010) and that smaller follicles on the
third day after weaning can result in a longer weaning–
ovulation interval (Bracken et al., 2003). In our study, a
longer weaning-to-oestrus interval was observed in sows
suckling heavier litters, suggesting that in some females the
intensity of suckling inputs from the litter can be more
potent inhibitors of LH secretion than the catabolism
degree.
The fact that large litters composed of Intermediate
piglets (group C) affected the performance of piglets and
the weaning-to-oestrus interval suggests that this type
of litter may not be the most appropriate for modern
genotype primiparous sows, especially in periods when
feed intake can be reduced, such as during the hot season.
Therefore, litters composed of light piglets or with a lower
number of heavy piglets seem to be more appropriate to
be nursed by primiparous sows.
5. Conclusions
Return to cyclicity after weaning tends to be compro-
mised in primiparous sows suckling litters composed of
intermediate piglets (1.4–1.6 kg) compared to litters com-
posed of light birth weight piglets (1.0–1.2 kg). This effect
seems to be mediated by a greater intensity of sucking by
heavier piglets rather than by a greater catabolism degree,
because sows with long weaning-to-oestrus interval (47
days) show similar number of weaned piglets, feed intake
and body reserve losses but have heavier litters at weaning
and higher lactation efﬁciency than sows with short wean-
ing-to-oestrus interval (r7 days).
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